York City during the summer of 1999 resulted in numerous human cases and several deaths of elderly patients (1). WN virus, a mosquito-borne flavivirus, had not previously been recognized in New York City; therefore, the city's public health system had no surveillance guidelines in place before the outbreak. Such guidelines require basic epidemiologic and ecologic data. Entomologic studies (2), avian seroprevalence studies (3), and a human serosurvey (4) have been completed. This report presents seroprevalence data in New York City horses, dogs, and cats and discusses the potential of these animals as sentinels for human infection.
The Study
Serum samples were collected, by standard procedures, from healthy stabled horses and from stray dogs at animal shelters in each of the five New York City boroughs (counties) from September 15 to November 1, 1999. Additionally, samples from healthy, privately owned dogs and cats were obtained from veterinary practices in Queens and neighboring communities to the east in Nassau County during routine clinic visits. Serum samples were processed and tested for neutralizing antibodies to WN virus and St. Louis encephalitis (SLE) virus (a closely related flavivirus) as in a previous study (3) , except that only samples positive for WN virus-neutralizing antibodies were also tested for SLE virusneutralizing antibodies. Samples with reciprocal 90% neutralization titers of >10 were considered positive for flavivirus infection. However, a fourfold difference in titer for one of the two flaviviruses was required for a specific flavivirus to be considered an etiologic agent of the infection. Approximate ages were recorded for each animal sampled.
Neutralizing antibodies to WN virus were detected in horses and dogs in several boroughs (Tables 1, 2) . Overall, 2 (3%) of 73 horses and 10 (5%) of 189 dogs, tested positive for WN virus-neutralizing antibodies. All 12 cats tested negative. Reciprocal titers were 80 to > 320 for dogs and > 320 for both positive horses. In all cases, WN antibody titers were at least fourfold higher than SLE titers (data not shown). Thus, all these infections were attributed to WN virus, and none were attributed to SLE virus. All but one of the 12 infections were in animals from the Queens and Bronx boroughs. The seroprevalence in dogs from these two counties was determined within several age categories (Table 3) to examine whether the pattern of seropositivity in relation to age resembled enzootic or epizootic transmission. More dogs were exposed in the youngest age category than in older categories (p = 0.026, Fisher exact test).
Dogs from Queens were further analyzed for the effect of stray status versus pet status (data not shown). Strays had
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WN virus seroprevalence of 15% (3 of 20), whereas pets had 8.6% (3 of 35). Although strays had higher seroprevalence than pets, the difference was not significant (p = 0.657, Fisher exact test).
Conclusions
We present serologic evidence of WN virus infection in New York City horses and dogs in 1999. In epidemiologic studies in the Middle East and Africa, WN virus-infected horses and dogs have been frequently detected in serologic surveys (5, 6) . Severe disease caused by WN virus in dogs is unknown, but epizootics of WN encephalomyelitis in horses have been described in several countries (7) (8) (9) . Such an epizootic in New York horses (10) was observed concurrently with our study, with cases clustered in eastern Suffolk County. At least one equine case of WN encephalitis occurred close to New York City in Belmont, Nassau County.
Cats were not adequately sampled to determine valid seroprevalence figures. We were unable to find reference to any other serologic surveys in cats for WN virus antibodies. Cats appear to be "refractory" to infection with SLE virus (11), a common North American flavivirus, because they do not generate a humoral immune response after experimental infection and have not been found to develop antibodies in field serosurveys. Cats do develop antibodies to Powassan virus, another North American flavivirus (12) . WN virus was isolated from brain tissue of a cat with neurologic symptoms in New Jersey in 1999 (13) . Detectable levels of neutralizing antibodies did not develop in this cat before euthanasia (Centers for Disease Control and Prevention, unpub. data). The role of cats in the epidemiology of WN virus in the New York City region has yet to be determined.
The outbreak of WN virus in New York City and vicinity in 1999 was the first recorded instance of natural WN virus activity in the New World. The definitive date of WN virus introduction to the United States has not yet been established. We evaluated WN seroprevalence in dogs of different ages to determine if prevalence of infection increased with age, which would suggest that WN virus transmission in New York City dogs may have occurred before 1999. However, seroprevalence appeared weighted toward younger animals. This may reflect a skewing of the younger age groups by stray dogs, which probably are more likely to be exposed to biting mosquitoes. Our results support the hypothesis that WN virus was introduced in 1999, although they do not prove it.
Both dogs and horses are presumably dead-end hosts in the WN virus transmission cycle, which involves mosquito vectors and avian reservoir hosts (13) . Although infection studies in horses with the New York strain of WN virus have not yet been published, such studies are expected to reaffirm the findings of previous studies (14, 15 ) that these animals develop very low, ephemeral viremia insufficient for infecting mosquitoes (J. Lubroth, R. Bowen, pers. comm.). An infection study in dogs using an African strain of WN virus yielded similar findings (6) . Thus, the presence of horses and dogs seropositive for WN virus does not necessarily indicate a human risk for WN infection. In fact, these horses and dogs may offer protection (zooprophylaxis) because they may divert potentially infectious bites of mammalophilic mosquitoes away from human hosts.
Further evidence of a zooprophylactic effect from pet dogs and horses is that seroprevalence in humans was approximately 2.5% in the epicenter of the outbreak in northeastern Queens (4), substantially lower than seroprevalence in dogs or horses in Queens (Table 1 ). The higher seroprevalence in these species indicates greater exposure to infectious mosquito bites. Whether this exposure in dogs and horses is due simply to increased time spent outdoors at night (when Culex species mosquitoes are feeding), greater attractiveness to blood-seeking mosquitoes, or other factors is unknown. Nonetheless, the finding that WN virus antibodies are readily detected in dogs and horses suggests a possible role for these animals as sentinels for human risk due to WN virus transmission.
Sentinels for human infection are frequently used in public health programs for monitoring arbovirus. Typically chickens and wild birds (e.g., house sparrows) have been used as sentinels for mosquito-borne monitoring programs in the United States (16) (17) (18) because of the role of birds as primary reservoir hosts for many of these viruses, including WN virus. However, whereas infection in birds may signal enzootic virus activity in birds, it may provide a less effective warning for risk in mammals. Such risk occurs when certain species of mosquitoes that act as "bridge" vectors to mammals become abundant. Thus, using nonhuman mammals as sentinels for human infection may have merit for effective risk management programs. Indeed, horses have been used as public health sentinels for both eastern and western equine encephalitis viruses, mosquito-borne agents of human encephalitis in the United States (19, 20) .
In summary, the finding that approximately 5% of horses and 10% of dogs were infected with WN virus in certain boroughs within New York City (The Bronx and Queens) in 1999 suggests a possible role for these domestic animals as sentinels for WN virus infection in humans. Seroconversions in these animals may signal increased risk for WN virus transmission to other mammals, including humans. An agestratified analysis of seroprevalence data in dogs from boroughs of Queens and the Bronx found no evidence of a longterm pattern of infection in dogs, suggesting that all infections probably occurred as a result of the 1999 outbreak.
